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157] ABSTRACT

Containers for storing crude oil or other liquids at off-
shore locations are formed preferably of reinforced
concrete, though prestressed concrete can be used. The
containers can be floated into position and sunk onto the
ocean floor. Each container is bottle-shaped and con-
sists of a lower storage section and an upper or neck
section. The lower section is located below water and
the neck section extends upwardly to a point above the
water level. The maximum diameter of the lower sec-
tion is considerably greater than the maximum diameter
of the upper section. A platform or platform section can
be provided on the upper end of the upper section. A
number of containers can be grouped together and in-
terconnected at their upper ends by a platform.

12 Claims, S Drawing Figures
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CONTAINER FOR THE OFFSHORE STORAGE OF
' LIQUIDS

SUMMARY OF THE INVENTION

‘The present invention is directed to a container, pref-
erably formed of reinforced concrete, for the storage of
liquids, such as crude oil, with the container positioned
on the ocean floor.

In the recovery of crude oil from reserves located
below water, so-called offshore areas, collection points
are established made up of containers for the intermedi-
ate storage of the crude oil. The oil removed from un-
derwater wells is stored in the containers before being
loaded into tankers. Such collection points, also known
as “single point mooring”, consist of a storage container
which projects above the water level and of a platform
supporting the necessary equipment, or of a container
located wholly below water with a platform located
above the container supported by an intermediate struc-
ture.

An example of such an arrangement is the so-called
Ekofisk area in the North Sea off the Norwegian coast
where such a collection point consists of a nine-cell silo
of prestressed concrete. This unit is supported on the
ocean floor in water approximately 70 meters deep and

it projects about 12 meters above the water level. Con- -

struction of this container consisting of the nine-cell silo
was commenced at the coast and then towed out to sea
to the desired location and sunk continuously as the silo
walls were constructed.

Although an annular perforated wave breaking wall
1s provided around this container unit to reduce the
energy of oncoming waves, the soil pressures resulting
from the wave forces and transmitted from the base
plate of the container unit to the ocean floor are signifi-
cani. This arrangement is particularly disadvantageous
since, due to the wave pressure and undertow at one
side of the container unit, very high pressures are cre-
ated at the edges while the pressure on the opposite side
is released. The sand in the ocean floor is saturated with
pore water. Due to the high pressures at the edges of the
container, this pore water is pressed out of the sand.
Since the pore water does not re-enter the pores during
a subsequent pressure release, variable settlement oc-
curs in the ocean floor. Moreover, since the direction of
the wave action changes, after a period of time, there is
the danger that the container will only be supported at
the middle portion of its base while around its outside
edges the container loads are no longer satisfactorily
transmitted to the ocean floor. As a result, the container
may rupture and possibly develop leaks.

The forces acting on the container can be reduced
when the container, as is possible in deep water, is low-
ered onio the ocean floor and a platform is erected on
support columns made of steel or reinforced concrete
extending upwardly from the container. Since such
containers are arranged in deep water, the pressures
acting under the edges of the container base are signifi-
cant and similar difficulties may develop. In addition,
there are the problems which often result from the
unfavorable floating behavior of such containers. Due
to the depth of their draft, such containers cannot be
- constructed at the shore and then towed out to sea
where they are finished and sunk into position.

The primary object of the present invention is to
provide a container which can be produced economi-
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cally, is floatable, can be securely founded on the ocean
floor without difficulty and can incorporate a platform.

In accordance with the present invention, the con-
tainer is generally bottle-shaped and consists of a lower
container section and an upper or neck section. The
lower section is constructed as a body of rotation with
a curved generatrix. The neck portion narrows from the
upper end of the lower section and, at its upper end,
projects above the water level. Advantageously, the
bottom of the container is thicker than its other wall
portions. The ratio of the diameters of the lower section
and the upper or neck section and the thickness of the
bottom are advantageously dimensioned so that the
container is floatable while maintaining an essentially
vertical axis. The transition of the surface between the
lower and upper sections has a constant curvature.

Preferably, the lower section is ball-shaped and a
tangent through the junction between the lowzr and
upper sections, and the vertical axis of the container
form an angle of approximately 45°.

A platform can be mounted on the upper end of the
upper section above the water level.

The advantage of the container embodying the pres-
ent invention is essentially based on its shape. Due to the
construction of the lower section as a body of rotation
with a curved generatrix, the container wall in this
region has the effect of a shell and, as a result, can be
kept very thin. Accordingly, the amount of materials
required for the container can be kept relatively small.
Moreover, the weight of the container in relation to its
storage space is low.

Another advantage of this construction is its floatabil-
ity and its floating stability at a low draft which allows
construction along the shore line even in shallow water.
In a container having a diameter of 60 meters and a total
height of 130 meters, the draft is only about 10 meters.
It 1s possible by appropriate ballasting, for example, by
varying the wall thickness in the bottom of the lower
section of the container, to locate the center of gravity
below the metacenter so that the container has floating
stability in spite of its great height. The favorable float-
ing behavior is not lost even if the container is partially
or completely flooded when the container is sunk onto
the ocean floor. The increased wall thickness of the
container bottom also contributes to a favorable distri-
bution of the loads to the ocean floor, the loads are
always well centered due to the curved bottom surface.

Concerning the surface of the container supported on
the ocean floor, it is considered advantageous if the
lower section of the container is formed as.an ellipsoid
of rotation which is flattened in the region resting on
the ocean floor. A container shaped in this manner has
good floating characteristics and can be securely sup-
ported to a sandy ocean floor. The container is not
significantly deflected from its position on the ocean
floor by the wave action. At any rate, the forces gener-
ated by the wave action are insignificant, since the
waves act only on the slender upper or neck section of
the container. The foundation conditions are not ef-
fected by the wave action. Further, a platform can be
mounted on the upper end of the container above the
water level. *

A particular advantage of the container embodying
the present invention is that several such containers,
preferably three, can be grouped together each inclined
toward the others and interconnected by a common
platform. Each container can be constructed with a
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circular sector-shaped platform section with the sec-
tions joined together to form the common platform.

It 1s advantageous if the lower section is constructed
as three-quarters of a ball or sphere with the upper or
neck section extending upwardly from the upper end of
the ball-shaped section. Concerning the floating proper-
ties of the container, it is particularly advantageous if
the metacenter of the floating body is located in the
center of the ball-shaped section, that is, the metacenter
Is equidistantly spaced from all points on the outer wall
of the ball-shaped section.

The spherical surface on the bottom of the container
insures an adequate centering of the foundation surface
in all cases. Moreover, the spherical bottom surface
provides the possibility that the container can be piv-
oted on the ocean floor as in a joint for locating the
container in an inclined position. Accordingly, in a
group of three containers with each of the containers
arranged at the corner of a triangle and with their neck
sections inclined inwardly toward one another, they can
be connected together by means of a platform. Since the
containers are only connected to one another at the
upper ends of their upper or neck sections, stresses
resulting from squeezing are not created in the founda-
tion of the container. This is so particularly since the
loads act vertically in the region of the spherical sur-
faces, even if the containers are in an inclined position.

The various features of novelty which characterize
the invention are pointed out with particularity in the
claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operat-
ing advantages and specific objects attained by its use,

d

4

lower section 2 to the upper section 4 to provide the
supporting effect of a shell, in another embodiment, not
shown, it is possible to connect the upper end of the
ball-shaped lower section to a truncated cone which, in
turn, 1s connected to a cylindrical tubular member form-
ing the upper end of the upper section 4. The outer
surface of the lower section is convex and has a continu-

- ous curved configuration from the intersection of the
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reference should be had to the accompanying drawings -

and descriptive matter in which there are illustrated and
described preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWING

In the Drawing:

FIG. 1 is a vertical sectional view through a con-
tamer embodying the present invention:

FIG. 2 is a plan view of a group of three containers
each in an inclined position;

FIG. 3 is a vertical side view of the container ar-
rangement shown in FIG. 2;

FIG. 4 1s a schematic top view for anchoring a con-
tainer preparatory to placing it in an inclined position:
and

FIG. § is a vertical sectional view through another
embodying the present invention having a lower section
formed as an ellipsoid of rotation.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 1 a vertically extending container 1 is shown
having a lower storage section 2 in the form of three-
quarters of a ball or sphere and an upper or neck section
4 extending from the top of the lower section with the
diameter of the upper section 4 decreasing in the up-
ward direction from the top of the ball-shaped lower
section. The upper section 4 is connected to the lower
section 2 at the inflection point 2’ on the outer surface of
the container wall. The container 1 can be constructed
of reinforced concrete, since the same pressure prevails
inside and outside when the container is in use, that 1S,
when it is filled with liquid. Under certain conditions,
however, the container wall can be formed of pre-
stressed concrete. Even though it is preferred to pro-
vide a transition section of constant curvature from the
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axis of the container with the bottom 3 to the plane
containing the inflection points 2.

The ball-shaped lower section 2 is ballasted by in-
creasing the wall thickness of the bottom 3. In this man-
ner, the center of gravity S of the container is located a
small distance below the metacenter M which coincides
with the center of the ball-shaped lower section. In
F1G. 1, the container is shown in the floating condition.
As a result of its shape, the container 1 has a very low
draft and excellent floating properties. Accordingly, the
container can be constructed along the shore and then
towed out to sea to its location of use. When the con- |
tainer is positioned at its location of use, it can be sunk
onto the ocean floor.

The container illustrated in FIG. 1 is intended to be
combined with a platform in the manner shown in
FIGS. 2 and 3. A platform element 6’ is located at the
upper end 6 of the upper section 4. In horizontal projec-
tion, the platform element 6’ has the shape of a circular
sector. The platform element is shown inclined to the
horizontal, that is, it is positioned to provide a horizon-
tal platform when the container 1 is disposed into an
inclined position relative to the vertical.

FIG. 2 illustrates a top view of a group of three con-
tainers 1. Each container 1 is constructed in the same
manner and is arranged at one corner of a triangle. The

upper sections 4 of the containers are in abutting rela-
tionship at the center of the triangle. FIG. 2 also shows
a circular section-shaped platform element 6’ on each of
the containers combined to form a circular platform 6.
In FIG. 3 a side view is provided of the group of con-
tainers 1. When the containers are in place, the platform
6 can be enlarged without any difficulty. To enlarge the
platform, walkways or gangways, bridges and the like
can be attached to it, such as by cantilevering, so that
the tankers can be loaded directly from the platform.

After a container has been sunk onto the ocean floor,
it can be brought into the inclined position required for
the arrangement in FIGS. 2 and 3 with the apparatus
shown in FIG. 4. In FIG. 4, a container 1 is sunk in the
vertical position and connected to traction members 7,
7" and 7" at its upper section 4. These traction members
are secured to the ocean floor by means of anchors 8.
The vertically arranged container 1 can be moved into
the inclined position by shortening one of the traction
members, for example traction member 7', and by
lengthening the other two traction members 7 and 7".

Further, it is possible to dispose the containers in the
inclined positions while they are floating and to inter-
connect the upper ends § of their upper sections 4. In
such an arrangement, the containers are disposed in
point-contact and can be towed and sunk in this condi-
tion.

In FIG. 5 another container 10 is disclosed having a
lower storage section 11 constructed as an ellipsoid of
rotation. This container is intended to be used in the
upright or vertical position. The lower section 11 of the
container has a flattened bottom 12 which rests on the
ocean floor. Further, a platform 14 is positioned at the
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upper end of the upper or neck section 13 of the con-
tainer. |

The containers described above and embodying the
present invention, are primarily intended for use in
storing liquids, such as crude oil. By providing appro- 5
priate insulation, however, the containers can be used
for the storage of liquified gas. In such a use, the missing
weight could be replaced by appropriate ballasting of
the container or by anchoring it. Accordingly, several
individual containers can be used advantageously in 10
quiet water near the shore line while observing the
provisions of environmental protection.

What is claimed is:

1. A container formed of reinforced concrete can be
floated into position at an offshore location and sunk 15
onto the ocean floor, the container can be used for the
storage of liquid, such as crude oil, wherein the im-
provement comprises that the container has an up-
wardly extending longitudinal axis, a bottom, and a
lateral portion extending upwardly from the bottom, 20
said container includes a lower hollow container sec-
tion forming the bottom and a first part of the lateral
portion extending upwardly from the bottom and an
upper hollow container section having a smaller diame-
ter than said lower section and forming a second part of 25
and extending upwardly from the upper end of the first
part of the lateral portion forming the lower section,
said lower section including the bottom and the first
part of the lateral portion formed as a body of rotation
having a curved generatrix with a variable diameter 30
about the longitudinal axis of the container and forming
a curved bottom and curved first part of the lateral
portion with the outer surface of said lower section
from the location of the longitudinal axis passing
through said bottom to the upper end of the first part of 35
said lateral portion having a continuous convex config-
uration in the upwardly extending direction of the con-
tainer, said upper section connected to and extending
upwardly from the upper end of said lower section and
the diameter of said upper section decreasing in the 40
upward direction from its connection to said lower
section, the maximum diameter of said upper section
being less than the maximum diameter of said lower
section, and said curved bottom of said lower section
permitting support for the container when the longitu- 45
dinal axis of the container is disposed at an angle to the
vertical.

2. A container, as set forth in claim 1, wherein the
bottom of said lower section has an increased thickness
relative to the upwardly extending first part of the lat- 50
eral portion.

3. A container, as set forth in claim 1, wherein the
ratio of the diameters of said lower and upper sections
and the thickness of the bottom of said lower section are
dimensioned so that said container can be floated while 55
maintained in an essentially vertical position.

4. A container, as set forth in claim 1, wherein said
lower and upper sections form an axially extending
transition section concentric with the longitudinal axis
of said container and said transition section extending 60
between the outer surface of said lower and upper sec-

tions and having a constant curvature in vertical sec-
tion.

65
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5. A container, as set forth in claim 1, wherein said
lower section is in the form of an ellipsoid of rotation
flattened at the bottom which forms the foundation for
the container.

6. A container, as set forth in claim 1, wherein said
lower section is ball-shaped.

7. A container, as set forth in claim 6, wherein said
ball-shaped lower section forms three-quarters of a
sphere. | |

8. A container, as set forth in claim 6, wherein the
transition point between said ball-shaped lower section
and said upper section forms a point of inflection and a
tangent to the outer wall surface of said ball-shaped
lower section at the point of inflection forms an angle of
approximately 45° with the vertical axis of said con-
tainer. | |

9. A container, as set forth in claim 1, wherein a plat-
form is positioned at the upper end of said upper section
and is arranged to be located above the water level
when the container is sunk into position on the ocean
floor. |

10. A container formed of reinforced concrete can be
floated into position at an offshore location and sunk
onto the ocean floor, the container can be used for the
storage of liquid, such as crude oil, wherein the im-
provement comprises that the container has an up-
wardly extending longitudinal axis, a bottom, and a
lateral portion extending upwardly from the botton,
sald container includes a lower hollow container sec-
tion forming the bottom and a part of the lateral portion
of the container and an upper hollow container section
having a smaller diameter than said lower section and
forming another part of the lateral portion of the con-
tainer, said lower section including the bottom and
lateral portion thereof formed as a body of rotation
having a curved generatrix with a variable diameter
about the longitudinal axis of the container and a curved
bottom, said upper section connected to and extending
upwardly from the upper end of said lower section and
the diameter of said upper section decreasing in the
upward direction from its connection to said lower
section, the maximum diameter of said upper section
being less than the maximum diameter of said lower
section, and said curved bottom of said lower section
permitting the support for the container when the longi-
tudinal axis of the container is disposed at an angle to
the vertical, a plurality of the containers are arranged in
a group and are located with the longitudinal axes
thereof disposed in inclined positions from the vertical
and with the upper ends of the upper sections thereof
disposed in contacting relationship, and a common plat-
form interconnecting the upper ends of the upper sec-
tions of said contatners. |

11. A container, as set forth in claim 10, wherein three
containers form the group of containers with said lower
sections of said containers each disposed at a different
corner of a triangle.

12. A container, as set forth in claim 10, wherein a
circular sector-shaped platform element is secured to
the upper end of said upper section of each container
and said platform elements are interconnected to form

said common platform.
*x k% % %
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